On farms involved in botulism outbreaks, cycles of Clostridium botulinum have occurred. The cycles were initiated by feeding brewers' grains contaminated with proteolytic C. botulinum type B to the cows. Spreading of manure containing feces of these cows increased the contamination of the pastures. In grass silages prepared with wilted grass from these pastures the number of C. botulinum type B organisms increased, and toxin type B was produced. Feeding cows with the contaminated silage fodder completed the cycle. Besides contamination of human foodstuffs (milk and meat), further contamination of the environment occurred. It was demonstrated that fowl may be important vectors in spreading C. botulinum.
In 1976 and 1977 outbreaks of botulism followed by the death of many animals occurred on about thirty dairy farms in The Netherlands. The disease was caused by feeding the animals brewers' grains (malt). Proteolytic Clostridium botulinum type B cells as well as botulinum toxin type B were found to be present in the brewers' grain (1) . Toxin type B was detected in only 4.5% of the sera of the animals affected (4) . In the feces of the cows large numbers of C. botulinum type B organisms (105 to 107/g) were detected (8) . Also, after termination of feeding the contaminated fodder, C. botulinum was present in the feces for more than 8 weeks. Consequently, the environment ofthe farms, especially the grass pastures, was probably contaminated by manure containing C. botulinum. Whether cows would be reinfected would be determined by the persistence of such contamination and the possibility that C. botulinum multiplied in this environment.
From results of Notermans et al. (9) it has become clear that proteolytic strains of C. botulinum are able to produce toxin with grass as a substrate. In grass silages prepared with wilted grass, circumstances are favorable for multiplication of C. botulinum. However, until now only a few reports describe botulism caused by grass silage (3, 5) .
In the present investigation the persistence of C. botulinum on cattle farms affected by botulism was studied; also, the significance of grass silages prepared with wilted grass in the multiplication of C. botulinum was investigated under natural conditions. MATERIALS AND METHODS History of botulism on the farm investigated.
On 4 June 1977 a severe outbreak of botulism occurred on the dairy farm. The outbreak was caused by feeding the cows a supplement of brewers' grain containing C. botulinum type B as well as botulinum toxin type B. Immediately after recognition of the disease, the feeding with brewers' grain was stopped. The morbidity among the cows was 74%, and the mortality amounted to 42%. Toxin type B was detected in two serum samples of cows before death. In the feces of affected cows high numbers of C. botulinum organisms were detected (ca. 105/g). To replenish the herd, new cows were purchased from local markets 1 month after the outbreak.
Cows. On the investigated farm 52 dairy cows were present. In the wintertime (October to May) they were housed in a free stable with cubicles. In the summertime they were outside on the pastures. During the housing period the cows were fed with grass silage (ca. 15 (10) . Type B-L toxin, purified by the methods of Kozaki et al. (6) , was diluted with 0.05 M phosphate buffer (pH 6.0) containing 0.2% gelatin. The toxin was activated by trypsin as described above. The reaction was terminated by adding soybean trypsin inhibitor (Sigma) at a final concentration of 0.4 mg/ml. In the tests 1 ml of the toxin dilution containing 20 intraperitoneal mouse 50% lethal doses (LD50) of toxin was mixed with 1 ml of serum. After incubation at 370C for 30 min, 0.5 ml of the mixture was injected intraperitoneally into two mice. The mice were observed for up to was demonstrated in 60 to 100% of the 0.5-g samples.
Presence of C. botulinum in the grass pastures and in feces of birds. The numbers of C. botulinum type B organisms present in the soil samples increased significantly after the outbreak of botulism (Table 2 ). Immediately after the onset of the disease C. botulinum type B was not detected. In 1980, 2.5 years later, more than 100 cells of C. botulinum were present per g of soil.
Feces of fowl foraging in these pastures were also contaminated with C. botulinum type B (Table 3 ). In 19 of 25 samples this bacterium could be demonstrated. Besides C. botulinum type B, type C was detected six times, and type D was detected once. Fig. 2 the links of the cycles are presented schematically; the outbreaks of botulism are initiated by supplementary feeding of brewers' grain contaminated with C. botulinum type B. From the results of Notermans et al. (8) it was clear that during digestion of this fodder no decrease in the number of bacteria occurred. As a consequence, feces became contaminated with C. botulinum type B. Spreading of manure increased the contamination of the pastures. Therefore, it is not surprising that C. botulinum type B was present in grass silages prepared with grass from these contaminated pastures. It was demonstrated that in such grass silages the number of C. botulinum type B organisms increased, and that botulinum toxin type B was produced. Grass silages therefore form a link in the cycle of C. botulinum in which multiplication occurs, thus increasing the level of contamination on the farm. Feeding cows with the contaminated silate fodder completes the cycle.
Growth of C. botulinum in grass is determined, among other factors, by pH and a. (9) .
In grass silages prepared with wilted grass the lactic acid fernentation is delayed. Therefore, the pH decreases only slightly during storage. (5) . In this investigation such a dose would be obtained only if the cows were fed for a number of days with silage fodder from the edges of a silo. However, the laboratory experiments of Notermans et al. (9) showed that C. botulinum type B with grass as substrate may produce enough toxin to kill a cow that had consumed of 10 to 100 g of the contamnated grass. The fact that no circulating antibodies were detected in the serum of the cows suggests that the cows in these investigations were not exposed to large amounts of toxin. It also suggests that in all probability no intestinal production (in vivo production) of toxin had occurred.
The contamination of the feces of the cows is clearly caused by feeding contaminated silage fodder. In summertime when no silage fodder was fed the contamination of the feces was low. As a consequence of the contamination of the feces, milk produced by the animals may become contaminated with C. botulinum. If cows from such a fann are slaughtered it may also be expected that meat would be contaminated, since bacteria present on carcasses are mostly of fecal origin.
Besides contamination of human foodstuffs a contamination of the environment can also occur. Fowl, especially, are vectors capable of spreading C. botulinum over wide areas. In this way other grass pastures could become contaminated with C. botulinum, possibly resulting in cycles of C. botulinum on other farms without a previous history of botulism.
